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Strien and Otten, (2013) found that highly restrained adolescents, classified using the DEBQ, 94 had a significantly higher chance of being in the higher BMI trajectories, but that external and 95 emotional eating scale scores were unrelated to BMI. Bellisle, Clement, Le Barzic, Le Gall, 96 Guy-Grand, and Basdevant (2004) in a study of 2509 adults, showed that disinhibition 97 positively predicted BMI in men and women, but that restraint only predicted BMI in men.
98
Geliebter and Aversa (2003) found that emotional eating in response to negative emotions Whited and Leiberman, 2011; Vainik, Neseliler, Konstabel, Fellows and Dagher, 2015) , 104 whereas YFAS scores have been related to BMI in a large sample of men and women 105 (Pedram, Wadden, Amini, Gulliver, Randell, Cahill et al., 2013) .
106
Given that eating behaviour is likely to be influenced by both bottom-up food reward drives concerned with eating behaviour and impulsivity and conclude that it is essential to clarify 132 whether impulsivity confers its own risk for obesity or whether this risk is limited to those 133 who are highly motivated by food.
134
A better understanding of the relationship between psychological variables and obesity is 135 vital if more effective behavioural interventions are to be developed. As yet, there has been 136 no examination of a variety of eating behaviour measures, including YFAS and restraint 137 scores along with indices of impulsiveness in a single study, leaving a significant gap in 138 current knowledge. Therefore, the aim of the current study was to collect self-report data 139 from a student and community based sample of men and women across a wide age and BMI 2015). However we also include measures of dietary restraint and suggest that this will result 146 in the questionnaires loading onto two common underlying components relating to 1) a 147 tendency to be responsive to food reward (food reward responsivity) and 2) a tendency to 148 restrict intake in order to lose or maintain weight (dietary restriction). Therefore, our first aim 149 was to conduct a principal components analysis to examine the underlying component 150 structure of the commonly used eating behaviour questionnaires. Our second aim was to 151 examine the moderating role of impulsiveness in the relationship between these eating 152 behaviour components and BMI. It was hypothesised that the component scores would 153 positively predict BMI, but only in those with high impulsiveness scores.
154
Method
155
Participants and procedures
156
Participants were recruited from the student populations at Swansea University, and the
157
University of Birmingham, as well as from the wider community (N=496). This study was 158 granted departmental ethical approval by the Swansea University, Department of Psychology
159
Research Ethics Committee. The demographic and questionnaire items were presented to 160 participants online using Survey Monkey (Palo Alto, California, USA). Participants either 161 attended the lab to fill in the questionnaires (if they were students receiving course credit) or 162 accessed the questionnaires remotely (in response to a call for community volunteers).
163
Demographic information including gender, age, height and weight were recorded in the lab 164 where relevant, but was otherwise self-reported. BMI for each participant was calculated 165 using the standard formula (kg/m 2 ). Self-reported BMI is found to be highly correlated with M A N U S C R I P T A C C E P T E D participants, therefore any analysis including BMI comprised 471 participants. See Table 1 174 for sample characteristics.
175
Measures
176
The following questionnaires were employed in the current study. Means, standard deviations 177 and internal reliability estimates for the current population are listed in Table 1 . scale and then averaged, with higher scores indicating a greater appetite for palatable food.
187
The Emotional Eating Scale (EES; Arnow, Kenardy and Agras, 1995) 188
The EES is used to measure overeating in response to emotional stimuli. It is a 25 item 189 adjective checklist that asks participants to rate, on a 5 point scale, the degree to which each M A N U S C R I P T A C C E P T E D behaviour (e.g. "Sometimes when I start eating I just can't seem to stop") and has nine items.
202
The emotional eating sub-scale is designed to measure the tendency to eat in response to an average from the sum-scores, with higher scores indicating greater tendencies to restrain, 220 eat in response to external cues or when in a negative mood respectively
221
The Barratt Impulsiveness Scale (BIS 11; Patton, Stanford and Barratt, 1995) 222
The BIS11 is a 30 item questionnaire that is widely used to measure impulsivity and is thoughts") and non-planning impulsiveness is defined as a lack of 'futuring' or forethought
229
(e.g. "I am more interested in the present than the future"). A sum-score for each sub-scale 230 and an overall total is then calculated with higher scores indicating greater impulsiveness.
231
The Yale Food Addiction Scale (YFAS; Gearhardt, Corbin and Brownell, 2009) 
232
The YFAS is a 25 item eating behaviour measure adapted from the DSM-IV criteria (APA, addiction' diagnosis has relatively low prevalence in this population (Gearhardt et al., 2009) .
241
For the current analysis, a continuous sum-score for the active items (n=3 items are 'primer' 242 items and not intended to be included in the total score) was calculated instead, in order for 243 the scale to be directly comparable to the other scales. This is supported by the finding that 244 the YFAS is measuring a single trait and that most items load onto that factor (Meule, Heckel
245
and Kubler, 2012) and that in the current sample, the symptom count has only moderate 246 internal reliability whereas the sum-score total has high internal reliability (see Table 1 ).
247
Correlation coefficients for both the symptom count and sum-scores are presented in Table 2 248 for reference. component extraction using these techniques is shown to be more reliable than using the 258 eigenvalues >1 rule (Kaiser, 1960; O'Connor, 2000) . Component scores were produced based 259 on regression method, and used in subsequent analysis.
260
The PROCESS macro (Hayes, 2012) was employed to test the proposed moderating models.
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Results
264
Principle Component Analysis
265
All eating behaviour sub-scale scores were entered into a correlation matrix to observe the 266 inter-correlations between the questionnaires (see Table 2 ). 2) and the model was also run with log transformed data, this corrected the skew but did not 285 change the outcome and so the original analysis is reported here for descriptive clarity.
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The proposed models were tested using PROCESS moderation model 1 (Hayes, 2012) .08). Table 5 shows the model output. DR and BIS11 scores predict BMI independently, but 307 do not interact to predict BMI (see figure 2) .
308
Both models were also tested with the second order sub-scales of the BIS11 in place of the 309 total scores. Only the motor impulsiveness sub-scale was a significant moderator of FRR in M A N U S C R I P T A C C E P T E D total BIS11 score, none of the sub-scales were significant moderators (p>.05).
314
Discussion: 315
In an attempt to understand the complex relationship between self-reported eating behaviour 316 and BMI, we conducted a study in which a student and community based sample of males 317 and females with a wide age and BMI range, completed a broad selection of eating behaviour 318 questionnaires. The scores were first entered into a dimension reduction procedure using 'uncontrolled eating', which varies in severity, underlies several self-report questionnaires of 324 eating behaviour and predicted BMI in two female samples. However, the authors noted that 325 the YFAS was not included, and in addition, the study did not include measures of dietary 326 restraint. We therefore confirm the previous finding that a single factor underlies many self-327 report measures of eating behaviour but extend them to a wider array of eating behaviour 328 questionnaires with responses from both males and females with a broad age and BMI range.
329
The questionnaires included here and that loaded onto the FRR component, were designed to 330 measure a range of eating behaviours. These include the hedonic response to food, 331 disinhibited eating, uncontrolled eating, emotional eating and loss of control over eating.
332
These concepts have been often segregated in the literature and it has been questioned 333 whether this is necessary given the possibility of conceptual overlap (French et al., 2012) .
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Current findings indicate that these concepts do indeed overlap and may be measuring a 335 common underlying concept that is important in predicting BMI. All of the sub-scales 336 include items that relate to losing control over eating as a consequence of internal, emotional 337 or external, food cues. In this sense they can be thought of as consistent with Vainik and 338 colleagues' concept of 'uncontrolled eating'. However, the questionnaires also contain a 339 number of items that pertain to food cue responsiveness and enjoyment of food which do not 340 necessarily reflect a loss of control over eating behaviour. Future work combining all of the 341 questionnaires from both studies at an item level would be of use now to determine if the 342 FRR and 'uncontrolled eating' variables are indeed overlapping, and which items are best 343 able to capture the behaviours that predict BMI.
344
It was hypothesised that the tendency to be drawn to food and lose control or restrict intake 345 would only manifest in a higher BMI if top-down control over these urges was low (Gerlach, successful. In addition, this study tested men and women from student and community 370 populations with a wide range of age and BMI, whereas previous studies have primarily 371 reported findings from narrow samples of mainly female participants, adolescents or children.
372
It would therefore be useful now to explore the role of dietary restraint in different 373 populations to investigate whether the interaction between impulsivity and restraint is limited 374 to certain age or gender groups.
375
A few limitations to the current study must be noted. First, the study is based on cross-376 sectional, self-report data and ideally the model would benefit from replication in 377 experimentally controlled conditions of food intake and weight gain over time. However, 378 self-report designs allow for larger samples and greater generalisation of findings and so were 379 deemed appropriate for the aims of this study. Second, although the BMI range was relatively 380 wide, it would be useful to include data from the more severe obesity classes to investigate 381 how this pattern of behaviour applies to these groups. Third, although every effort was made 382 to collect data from a representative group of male participants, the female to male ratio was 383 still about 3:1 and any future research would benefit from applying this model to large male M A N U S C R I P T
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17 samples in order to test its generalizability to both men and women. Having said this, gender 385 was controlled for in the analysis and the diverse age range of the sample allows for a model 386 that may be applied to a larger section of the population than standard student based data.
387
Last, the model was tested on the same sample on whom the PCA was conducted and so 388 replication of the findings in a separate sample would confirm reliability.
389
Conclusions
390
This is the first model to assess the relationships between several measures of eating 391 behaviour, general impulsivity and BMI in a sample of males and females with wide ranging 392 age and adiposity. These data suggest that a variety of questionnaires load onto a common 393 component reflecting the tendency to be responsive to food reward, therefore the cross-394 comparison of previous studies using any of these eating behaviour measures is supported. In 395 addition to this, these data show that impulsiveness is important in reducing control over food 396 reward responsivity. In particular, the tendency to act without thinking (motor impulsiveness) 397 moderates the relationship between food responsivity and BMI. Therefore, both high 398 'bottom-up' food reward drives and reduced 'top-down' control over impulsive urges are 399 associated with overweight and a dual-system approach to self-control is supported by these 400 findings. The BIS 11 is a viable candidate for profiling those food responsive individuals who 401 are most at risk from weight gain and a promising target for intervention. Research now 402 needs to look to finding ways of reducing impulsivity in those vulnerable to overweight. Westenhoefer, J., Broeckmann, P., Munch, A.K. & Pudel, V. (1994) . 
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